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(67)  The present disclosure provides semiconductor
assembilies including dummy packages. In some embod-
iments, the semiconductor assembly includes a sol-
id-state drive (SSD) device including a printed circuit
board (20) including a memory region, a plurality of mem-
ory packages (200) disposed on the memory region, and

SEMICONDUCTOR ASSEMBLY INCLUDING DUMMY PACKAGE

atleastone dummy package (100) disposed on the mem-
ory region. The at least one dummy package (100) is
electrically coupled with the printed circuit board (20).
The at least one dummy package (100) includes a first
pad (150) constituting a heat path through which heat of
the printed circuit board (20) is dissipated.
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Description
BACKGROUND
1. Field

[0001] The present disclosure relates generally to a
semiconductor package, and more particularly, to a sem-
iconductor package including a memory package and a
dummy package.

2. Description of Related Art

[0002] Due to progress in the electronics industry
and/or user demand, electronic devices may be becom-
ing more compact and/or multi-functional. Alternatively
or additionally, the electronic devices may have a greater
capacity. As a result, the electronic devices may need
semiconductor packages, which may include a plurality
of semiconductor chips, in order to potentially meet in-
creasing demands on size, functionality, and/or capacity.
Accordingly, there exists a need for furtherimprovements
in semiconductor packages technology, as increasing
demands on size, functionality, and/or capacity may be
constrained by an ability of dissipating heat generated
from the plurality of semiconductor chips.

SUMMARY

[0003] Aspects of the present disclosure provide for a
semiconductor package includinga dummy package that
may constitute a heat path through which heat of a printed
circuit board may be dissipated.

[0004] According to an aspect of the present disclo-
sure, a semiconductor package is provided. The semi-
conductor package includes a solid-state drive (SSD) de-
vice including a printed circuit board including a memory
region, a plurality of memory packages disposed on the
memory region, and at least one dummy package dis-
posed on the memory region. The at least one dummy
package is electrically coupled with the printed circuit
board. The at least one dummy package includes a first
pad constituting a heat path through which heat of the
printed circuit board is dissipated.

[0005] According to an aspect of the present disclo-
sure, a semiconductor package is provided. The semi-
conductor package includes a printed circuit board in-
cluding a first surface and a second surface opposite to
the first surface, a dummy package mounted on the first
surface, and a memory package aligned with the dummy
package in a direction perpendicular to the first surface
and the second surface and mounted on the second sur-
face. The dummy package includes afirst pad electrically
coupled with the printed circuit board, and a metal layer
electrically coupled with the first pad.

[0006] According to an aspect of the present disclo-
sure, a semiconductor package is provided. The semi-
conductor package includes a printed circuit board in-
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cluding a first surface and a second surface opposite to
the first surface, a dummy package mounted on the first
surface, a memory package aligned with the dummy
package in a direction perpendicular to the first surface
and the second surface and mounted on the second sur-
face, and a driving package mounted on at least one of
the first surface and the second surface. A driving circuit
configured to drive a memory chip of the memory pack-
age is formed on the at least one of the first surface and
the second surface. The dummy package is electrically
coupled with the printed circuit board through a bump.
The dummy package includes a pad constituting a heat
path through which heat of the printed circuit board is
dissipated. The memory package includes a NAND flash
memory device. The driving circuit of the driving package
includes a storage controller configured to control the
NAND flash memory device.

[0007] Additional aspects may be set forth in part in
the description which follows and, in part, may be appar-
ent from the description, and/or may be learned by prac-
tice of the presented embodiments. At least some of the
above and other features of the invention are set out in
the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The above and other aspects, features, and ad-
vantages of certain embodiments of the present disclo-
sure may be more apparent from the following description
taken in conjunction with the accompanying drawings, in
which:

FIGS. 1A and 1B are schematic perspective views
of a semiconductor package, according to an em-
bodiment;

FIG. 2is a cross-sectional view of the semiconductor
package taken along line A-A’ of FIG. 1A, according
to an embodiment;

FIG. 3 is a cross-sectional view of a dummy package
of FIG. 2, according to an embodiment;

FIGS. 4A to 4C are cross-sectional views showing
a method of manufacturing a semiconductor pack-
age, according to an embodiment;

FIG.5is a cross-sectional view of the semiconductor
package taken along line A-A’ of FIG. 1A, according
to an embodiment;

FIG. 6 is a cross-sectional view of a dummy package
of FIG. 5, according to an embodiment;

FIG. 7A is a perspective view showing a schematic
structure of a semiconductor package, according to
an embodiment;

FIGS. 7B and 7C are diagrams illustrating effects of
semiconductor packages, according to an embodi-
ment;

FIG. 8 is a block diagram of a storage system, ac-
cording to an embodiment; and

FIG. 9is an example of a memory device implement-
edinamemory package included in a semiconductor
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package, according to an embodiment.
DETAILED DESCRIPTION OF EMBODIMENTS

[0009] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of embodiments of the
present disclosure defined by the claims and their equiv-
alents. Various specific details are included to assist in
understanding, but these details are considered to be
examples only. Therefore, those of ordinary skill in the
art may recognize that various changes and modifica-
tions of the embodiments described herein may be made
without departing from the scope of the disclosure. In
addition, descriptions of well-known functions and struc-
tures are omitted for clarity and conciseness. With regard
to the description of the drawings, similar reference nu-
merals may be used to refer to similar or related ele-
ments. In addition, repeated descriptions of similar or re-
lated elements may be omitted for the sake of brevity.
[0010] It is to be understood that a singular form of a
noun corresponding to an item may include one or more
of the things, unless the relevant context clearly indicates
otherwise. As used herein, each of such phrases as "A
or B," "at least one of A and B," "at least one of A or B,"
"A, B, or C," "at least one of A, B, and C," and "at least
oneof A, B, or C," may include any possible combinations
of the items enumerated together in a corresponding one
of the phrases. As used herein, such terms as "1st" and
"2nd," or "first" and "second" may be used to simply dis-
tinguish a corresponding component from another, and
does not limit the components in other aspect (e.g., im-
portance ororder). Itis to be understood thatif an element
(e.g., a first element) is referred to, with or without the
term "operatively" or "communicatively", as "coupled
with," "coupled to," "connected with," or "connected to"
another element (e.g., a second element), it means that
the element may be coupled with the other element di-
rectly (e.g., wired), wirelessly, or via a third element.
[0011] It is to be understood that when an element or
layeris referred to as being "over," "above," "on," "below,"
"under," "beneath," "connected to" or "coupled to" anoth-
er element or layer, it may be directly over, above, on,
below, under, beneath, connected or coupled to the other
element or layer or intervening elements or layers may
be present. In contrast, when an element is referred to
as being "directly over," "directly above," "directly on,"
"directly below," "directly under," "directly beneath," "di-
rectly connected to" or "directly coupled to" another ele-
ment orlayer, there are no intervening elements or layers
present.

[0012] The terms "upper," "middle", "lower", and the
like may be replaced with terms, such as "first," "second,"
third" to be used to describe relative positions of ele-
ments. The terms "first," "second," third" may be used to
describe various elements but the elements are not lim-
ited by the terms and a "first element" may be referred
to as a "second element". Alternatively or additionally,
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the terms "first", "second", "third", and the like may be
used to distinguish components from each other and do
not limit the present disclosure. For example, the terms
"first", "second", "third", and the like may not necessarily
involve an order or a numerical meaning of any form.
[0013] Reference throughout the present disclosure to
"one embodiment," "an embodiment," "an example em-
bodiment," or similar language may indicate that a par-
ticular feature, structure, or characteristic described in
connection with the indicated embodiment is included in
at least one embodiment of the present solution. Thus,
the phrases "in one embodiment", "in an embodiment,"
"in an example embodiment," and similar language
throughout this disclosure may, but do not necessarily,
all refer to the same embodiment.

[0014] Itis to be understood that the specific order or
hierarchy of blocks in the processes/flowcharts disclosed
are an illustration of example approaches. Based upon
design preferences, it is understood that the specific or-
der or hierarchy of blocks in the processes/flowcharts
may be rearranged. Further, some blocks may be com-
bined or omitted. The accompanying claims present el-
ements of the various blocks in a sample order, and are
not meant to be limited to the specific order or hierarchy
presented.

[0015] As used herein, each of the terms "Ag", "Al",
"Au", "Be", "Co", "Cu", "Ga", "In", "Mg", "Mn", "Mo", "Ni",
"Re", "Ru", "SiN", "SiO", "Sn", "Ta", "Ti", "W", and the like
may refer to a material made of elements included in
each of the terms and is not a chemical formula repre-
senting a stoichiometric relationship.

[0016] The embodimentsherein may be described and
illustrated in terms of blocks, as shown in the drawings,
which carry out a described function or functions. These
blocks, which may be referred to herein as units or mod-
ules or the like, or by names such as device, logic, circuit,
counter, comparator, generator, converter, or the like,
may be physically implemented by analog and/or digital
circuits including one or more of a logic gate, an integrat-
ed circuit, a microprocessor, a microcontroller, a memory
circuit, a passive electronic component, an active elec-
tronic component, an optical component, and the like,
and may also be implemented by or driven by software
and/or firmware (configured to perform the functions or
operations described herein).

[0017] Hereinafter, various embodiments of the
present disclosure are described with reference to the
accompanying drawings.

[0018] FIGS. 1A and 1B are schematic perspective
views of a structure of a semiconductor package 10, ac-
cording to an embodiment.

[0019] Referringto FIGS. 1A and 1B, the semiconduc-
tor package 10 may include a printed circuit board 20, a
plurality of memory packages 200, and at least one dum-
my package 100. Alternatively or additionally, the semi-
conductor package 10 may include a plurality of driving
chip packages 300 configured to drive each memory
package of the plurality of memory packages 200.
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[0020] The printed circuitboard 20 may include a mem-
ory region MA in which the plurality of memory packages
200 may be mounted. Alternatively or additionally, the
plurality of driving chip packages 300 may be mounted
in a region outside the memory region MA.

[0021] AsshowninFIGS. 1A and 1B, the printed circuit
board 20 may include a first surface F1 and a second
surface F2 opposite to the first surface F 1. The plurality
of memory packages 200 may be mounted in the memory
region MA on the first surface F 1 and on the second
surface F2 of the printed circuit board 20. The memory
region MA of the first surface F1 and the memory region
MA of the second surface F2 may be aligned with each
other in a direction perpendicular to the first surface F1
and the second surface F2.

[0022] At least one dummy package 100 may be
mounted in the memory region MA of the first surface F1
and/or the memory region MA of the second surface F2.
In this context, a dummy package 100 may be a package
for assisting heat dissipation. In one embodiment, a dum-
my package 100 may be a package that is located within
the memory region MA but that is not a memory package
(e.g. that does not include any memory storage capabil-
ities). The at least one dummy package 100 may be
mounted in a portion of the memory region MA in which
the plurality of memory packages 200 are not mounted.
In an embodiment, the area occupied by the at least one
dummy package 100 on the printed circuit board 20 may
be substantially similar and/or may be the same as the
area of each memory package of the plurality of memory
packages 200. That is, the size of the dummy package
100 may be substantially similar and/or may be the same
as (e.g., match) the size of a memory package of the
plurality of memory packages 200. For example, two
dummy packages 100, each having the same and/or a
substantially similar size as that of the memory package
200, may be mounted in the memory region MA of the
first surface F1. Alternatively or additionally, a dummy
package 100 mounted on the first surface F1 may be
aligned with a memory package 200 mounted on the sec-
ond surface F2 in the direction perpendicular to the first
surface F1 and the second surface F2.

[0023] However, the semiconductor package 10 ac-
cording to the present disclosure is not limited thereto,
and the size of the dummy package 100 may be greater
than and/or smaller than the size of the memory package
200. In an embodiment, a dummy package 100 having
a size smaller than that of the memory package 200 may
be mounted in a region in which a memory package 200
is mounted. For example, a plurality of dummy packages
100 may be mounted in a region in which one memory
package 200 is mounted. Alternatively or additionally,
the plurality of dummy packages 100 may be aligned with
the region in which the memory package 200 is mounted
in the direction perpendicular to the first surface F1 and
the second surface F2. In an optional or additional em-
bodiment, a dummy package 100 having a size greater
than that of the memory package 200 may be mounted
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in a region in which the plurality of memory packages
200 are mounted. For example, a dummy package 100
may be mounted in a region in which a plurality of memory
packages 200 are mounted. Alternatively or additionally,
the dummy package 100 may be aligned with the region
inwhich the plurality of memory packages 200 are mount-
ed in the direction perpendicular to the first surface F 1
and the second surface F2.

[0024] The number of dummy packages 100 included
in the semiconductor package 10 may vary according to
the overall memory capacity of the semiconductor pack-
age 10 and/or according to design constraints. For ex-
ample, the number of memory packages 200 mounted
in the memory region MA may decrease as the memory
capacity needed by the semiconductor package 10 de-
creases,. Alternatively or additionally, the number of
dummy packages 100 mounted in the memory region
MA instead of the memory package 200 may increase
as the memory capacity needed by the semiconductor
package 10 decreases. However, the present disclosure
is not limited in this regard. For example, in an embodi-
ment, the number of dummy packages 100 mounted in
the memory region MA instead of the memory package
200 may decrease as the memory capacity needed by
the semiconductor package 10 decreases

[0025] The dummy package 100 may be electrically
connected (e.g., coupled) with the printed circuit board
20 through a plurality of bumps. Accordingly, the dummy
package 100 may provide a heat path through which heat
generated in the memory package 200 may be dissipat-
ed. Alternatively or additionally, the dummy package 100
may provide a heat path through which heat generated
in the driving chip package 300 may be dissipated. In an
embodiment, heat generated inside the semiconductor
package 10 may be dissipated to outside of the semicon-
ductor package 10 through the dummy package 100.
[0026] The memory package 200 may be and/or may
include a non-volatile memory device, such as, but not
limited to, a NAND flash memory device. In an embodi-
ment, the semiconductor package 10 may be a storage
device. Alternatively or additionally, the semiconductor
package 10 may be and/or may include a solid-state drive
(SSD). However, the present disclosure is not limited
thereto. Forexample, in some embodiments, the memory
package 200 may be and/or may include a memory de-
vice such as, but notlimited to, a resistive memory device
such as a resistive RAM (ReRAM)), a phase-change
RAM (PRAM), a magnetoresistive RAM (MRAM), and
the like.

[0027] The driving chip package 300 may be and/or
may include driving circuits for driving a NAND flash
memory device. For example, each driving chip package
of the plurality of driving chip packages 300 may be
and/or may include a storage controller that may control
the operation of a memory device such as, but not limited
to, a NAND flash memory device, a buffer memory (e.g.,
a dynamic random-access memory (DRAM)), a power
management integrated circuit (PMIC), and the like.



7 EP 4 412 405 A1 8

[0028] FIG. 2is a cross-sectional view of the semicon-
ductor package 10 taken along line A-A’ of FIG. 1A, ac-
cording to an embodiment. FIG. 3 is a cross-sectional
view of the dummy package 100 of FIG. 2, according to
an embodiment. FIG. 2 is a diagram depicting a structure
of a semiconductor package 10 and a heat path which
is a heat dissipation path of the semiconductor package
10, according to an embodiment.

[0029] Referring to FIGS. 2 and 3, the semiconductor
package 10 may include the printed circuit board 20, the
memory package 200, the dummy package 100, the driv-
ing chip package 300, an adhesive layer 30, and a pack-
age case 400. For example, the dummy package 100
may be mounted on the first surface F1 of the printed
circuit board 20 through a plurality of first bumps 110.
Alternatively or additionally, the memory package 200
may be mounted on the second surface F2 of the printed
circuit board 20 through a plurality of second bumps 210.
In an embodiment, the dummy package 100 and the
memory package 200 may have a substantially similar
size and/or may the same size. Alternatively or addition-
ally, the dummy package 100 and the memory package
200 may be aligned with each other in a direction per-
pendicular to a main surface (e.g., the first surface F1
and/or the second surface F2) of the printed circuit board
20. In an optional or additional embodiment, the number
of the plurality of first bumps 110 connected with the dum-
my package 100 may be the same as (e.g., match) the
number of the plurality of second bumps 210 connected
with the memory package 200. However, the semicon-
ductor package 10 according to the present disclosure
is not limited thereto. For example, in an embodiment,
the number of the plurality of first bumps 110 may not
match the number of the plurality of second bumps 210.
[0030] Inanembodiment, the driving chip package 300
may be mounted on the second surface F2 of the printed
circuit board 20 through a plurality of third bumps 310.
However, the present disclosure is not limited in this re-
gard. For example, the driving chip package 300 may be
mounted on the first surface F 1 of the printed circuit board
20 through the plurality of third bumps 310. Each bump
of the plurality of first bumps 110, the plurality of second
bumps 210, and the plurality of third bumps 310 may
have a structure including a pillar and/or a solder. How-
ever, the present disclosure is not limited in this regard.
For example, according to an optional or additional em-
bodiment, each bump of the plurality of first bumps 110,
the plurality of second bumps 210, and the plurality of
third bumps 310 may include only a solder.

[0031] Thedummy package 100, the memory package
200, and the driving chip package 300 may be coupled
to the package case 400 through the adhesive layer 30.
In an embodiment, the package case 400 may be con-
figured to protect internal components of the semicon-
ductor package 10. Alternatively or additionally, the pack-
age case 400 may be formed to surround the internal
components.

[0032] The adhesive layer 30 may be formed of a high-
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thermal-conductivity material such that heat may be dis-
sipated. For example, the adhesive layer 30 may include
a thermal interface material (TIM). The TIM may be
formed of a material having high thermal conductivity
(e.g., a low thermal resistance) such as, but not limited
to, grease, tape, an elastomer filling pad, a phase tran-
sition material, and the like. However, the present disclo-
sure is not limited in this regard, and the material of the
TIM may not be limited to the materials described above.
[0033] As shown in FIG. 3, the dummy package 100
may include a plurality of pads 150, a metal layer 130,
and a polished layer 120. Each pad of the plurality of
pads 150 may be in contact with a corresponding bump
from among the plurality of first bumps 110.

[0034] The plurality of pads 150 may include at least
one first pad 151 and at least one second pad 152. The
first pad 151 may be electrically connected (e.g., cou-
pled) with the metal layer 130. The second pad 152 may
be surrounded by a molding layer 140. Alternatively or
additionally, the second pad 152 may be electrically sep-
arated from the metal layer 130.

[0035] The metallayer 130 may be and/or may include
a high-thermal-conductivity material to constitute a heat
path for heat dissipation. For example, the metal layer
130 may include, but not be limited to, copper (Cu), alu-
minum (Al), and the like.

[0036] The polished layer 120 formed on the metal lay-
er 130 may be formed by polishing the metal layer 130
to minimize interfacial resistance so as to facilitate ad-
hesion with the adhesive layer 30. Accordingly, the pol-
ished layer 120 may be formed of the same material at
the metal layer 130 (e.g. may be a polished metal layer).
[0037] Continuing to refer to FIGS. 2 and 3, in an em-
bodiment, the first pad 151 may constitute a heat path
and/or may be electrically connected with a wiring pattern
21 of the printed circuit board 20. Alternatively or addi-
tionally, the second pad 152 may be electrically separat-
ed from the wiring pattern 21 of the printed circuit board
20.

[0038] The memory package 200 may include a mem-
ory chip 230 and a molding layer 220 surrounding the
memory chip 230. The driving chip package 300 may
include a driving chip 330 and a molding layer 320 sur-
rounding the driving chip 330. Alternatively or addition-
ally, the molding layer 140 of the dummy package 100,
the molding layer 220 of the memory package 200, and
the molding layer 320 of the driving chip package 300
may be formed of a resin such as, but not limited to, an
epoxy molding compound (EMC).

[0039] The printed circuitboard 20 may include the wir-
ing pattern 21. In an embodiment, the wiring pattern 21
may include a line pattern extending from the inside of
the printed circuit board 20 in a horizontal direction (e.g.
a direction parallel to the first surface F1 and/or the sec-
ond surface F2). Alternatively or additionally, the wiring
pattern 21 may include a via pattern extending from the
inside of the printed circuit board 20 in a vertical direction
(e.g. a direction perpendicular to the first surface F 1
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and/or the second surface F2) that may be connected
with the line pattern. In an optional or additional embod-
iment, the printed circuit board 20 may include an insu-
lating layer 23 that may insulate the wiring pattern 21
from other patterns.

[0040] The material of the wiring pattern 21, according
to an embodiment, may be and/or may include copper
(Cu). However, the present disclosure is notlimited there-
to, and the material of the wiring pattern 21 may be and/or
may include, but not be limited to, nickel (Ni), gold (Au),
silver (Ag), aluminum (Al), tungsten (W), titanium (Ti),
tantalum (Ta), indium (In), molybdenum (Mo), manga-
nese (Mn), cobalt (Co), tin (Sn), magnesium (Mg), rhe-
nium (Re), beryllium (Be), gallium (Ga), ruthenium (Ru),
and/or an alloy thereof.

[0041] In an embodiment, a ground voltage may be
applied to the wiring pattern 21 that may constitute a heat
path. In an optional or additional embodiment, the wiring
pattern 21 may be electrically separated from input/out-
put signals of the memory package 200. Alternatively or
additionally, the wiring pattern 21 may be electrically sep-
arated from input/output signals of the driving chip pack-
age 300. That s, the wiring pattern 21 may include wiring
that is not used for signal and/or power transmission in
the printed circuit board 20 and/or that may be used as
a heat path. Alternatively or additionally, the wiring pat-
tern 21 may include wiring that does not affect other sig-
nals. The wiring pattern may include wiring that is not
used for signal or power transmission and/or that may
be used as a heat path.

[0042] The memory chip 230 may be act as a heat
source that may generate heat inside the semiconductor
package 10. For example, heat generated in the memory
chip 230 of the memory package 200 may be dissipated
to the outside of the semiconductor package 10 through
a heat path that may be constituted by the molding layer
220 of the memory package 200, the adhesive layer 30,
and the package case 400. Alternatively or additionally,
heat generated in the memory chip 230 may be dissipat-
ed to the outside of the semiconductor package 10
through a heat path that may be constituted by the second
bump 210, the wiring pattern 21 of the printed circuit
board 20, the first bump 110, the first pad 151 of the
dummy package 100, the metal layer 130 of the dummy
package 100, the polished layer 120 of the dummy pack-
age 100, the adhesive layer 30, and the package case
400. Thatis, the dummy package 100 may provide a heat
path through which heat generated in the memory pack-
age 200 may be dissipated.

[0043] Alternatively or additionally, the driving chip 330
may act as a heat source that may generate heat inside
the semiconductor package 10. For example, the driving
chip 330 of the driving chip package 300 may be imple-
mented as a PMIC and/or a voltage regulator, and/or may
be configured to provide a power voltage for driving a
memory device implemented in the memory chip 230
and/or a storage controller. In an embodiment, heat gen-
erated in the driving chip 330 of the driving chip package
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300 may be dissipated to the outside of the semiconduc-
tor package 10 through a heat path that may be consti-
tuted by the molding layer 320 of the driving chip package
300, the adhesive layer 30, and the package case 400.
Alternatively or additionally, heat generated in the driving
chip 330 may be dissipated to the outside of the semi-
conductor package 10 through a heat path that may be
constituted by the third bump 310, the wiring pattern 21
of the printed circuit board 20, the first bump 110, the first
pad 151 of the dummy package 100, the metal layer 130
of the dummy package 100, the polished layer 120 of the
dummy package 100, the adhesive layer 30, and the
package case 400. Thatis, the dummy package 100 may
provide a heat path through which heat generated in the
driving chip package 300 is dissipated.

[0044] When the EMC constituting the molding layer
140 of the dummy package 100, the molding layer 220
of the memory package 200, and the molding layer 320
of the driving chip package 300 have a relatively low ther-
mal conductivity (e.g., about 0.8 Watts per meter Kelvin
(W/mk)), dissipation of heat generated in the memory
chip 230 and the driving chip 330 may not be relatively
smooth. For example, a bottleneck phenomenon may
occur in the heat path due to the molding layers 220 and
320 of the EMC.

[0045] The semiconductor package 10, according to
the present disclosure, may include the dummy package
100 that may provide an additional heat path. For exam-
ple, the dummy package 100 may include the metal layer
130 having arelatively high thermal conductivity material
(e.g., copper (Cu) having about 385 W/mK and/or alumi-
num (Al) having about 200 W/mK), such that heat gen-
erated in the memory package 200 and the driving chip
package 300 may be smoothly dissipated to the outside
of the semiconductor package 10 through the dummy
package 100. Since an excessive increase in tempera-
ture of the memory chip 230 and the driving chip 330 may
be prevented, deterioration of the performance of the
memory chip 230 and the driving chip 330 may be pre-
vented as a result.

[0046] FIGS.4Ato4C are cross-sectional views show-
ing a method of manufacturing the semiconductor pack-
age 10, according to an embodiment. In FIGS. 4A to 4C,
the memory package 200 and the dummy package 100,
disposed on the first surface F1 of the printed circuitboard
20, are mainly described as an example.

[0047] Referring to FIG. 4A, the printed circuit board
20 including the first surface F1 may be prepared. The
memory package 200 and the dummy package 100 may
be mounted on the memory region MA of the first surface
F1 of the printed circuit board 20 through the plurality of
first bumps 110 and the plurality of second bumps 210.
In an embodiment, the memory package 200 and the
dummy package 100 may be mounted together on the
printed circuit board 20 in the same process. That is, in
such an embodiment, the memory package 200 and the
dummy package 100 may be mounted on the printed
circuitboard 20 at a substantially similar and/or the same
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time.

[0048] In an optional or additional embodiment, the
memory package 200 and the dummy package 100 may
occupy a substantially similar and/or the same size area
on the printed circuit board 20 and/or may have a sub-
stantially similar and/or the same size. Alternatively or
additionally, a level LV of an upper surface of the dummy
package 100 and the level LV of an upper surface of the
memory package 200 may be substantially similar and/or
may be the same. For example, a vertical height of the
memory package 200 from the first surface F1 of the
printed circuit board 20 may be substantially similar
and/or the same as a vertical height of the dummy pack-
age 100 from the first surface F1 of the printed circuit
board 20.

[0049] Referringto FIG. 4B, the adhesive layer 30 may
be formed on each of the memory package 200 and the
dummy package 100. The adhesive layer 30 having a
first thickness T1 may be formed on the dummy package
100, and the adhesive layer 30 having a second thickness
T2 may be formed on the memory package 200. In an
embodiment, the first thickness T1 and the second thick-
ness T2 may be substantially similar and/or may be the
same. That is, the thickness of the adhesive layer 30
formed on the dummy package 100 and the thickness of
the adhesive layer 30 formed on the memory package
200 may be substantially similar and/or the same. For
example, the height of the upper surface of the dummy
package 100 from the printed circuit board 20 may be
substantially similar and/or the same as the height of the
upper surface of the memory package 200 from the print-
ed circuit board 20. Alternatively or additionally, the ad-
hesive layer 30 having a substantially similar and/or the
same height may be formed without the need to separate
forming the adhesive layer 30 on the memory package
200 and forming the adhesive layer 30 on the dummy
package 100. That is, the adhesive layer 30 on the dum-
my package 100 and the adhesive layer 30 on the mem-
ory package 200 may be formed at a substantially similar
and/or the same time.

[0050] Referring to FIG. 4C, the package case 400 at-
tached to the adhesive layer 30 may be formed. For ex-
ample, the package case 400 may be disposed on the
adhesive layer 30 of the dummy package 100 and the
adhesive layer 30 of the memory package 200.

[0051] In an embodiment of manufacturing a semicon-
ductor package 10 having a relatively low memory ca-
pacity, according to the present disclosure, heat dissipa-
tion of the semiconductor package 10 may be increased
by arranging the dummy package 100 instead of the
memory package 200 in a semiconductor region (e.g.,
region MA of FIG. 1A) of the printed circuit board 20.
Alternatively or additionally, the adhesive layer 30 on the
dummy package 100 and the memory package 200 may
be formed with a uniform thickness in a simplified manner
that may further improve heat dissipation performance.
[0052] FIG. 5is a cross-sectional view of the semicon-
ductor package 10A taken along line A-A’ of FIG. 1A,
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according to an embodiment. FIG. 6 is a cross-sectional
view of a dummy package 100A of FIG. 5. FIG. 5 is a
diagram illustrating a structure of a semiconductor pack-
age 10A and a heat dissipation path of the semiconductor
package 10A, according to an embodiment. The semi-
conductor package 10A of FIG. 5 may include or may be
similar in many respects to the semiconductor package
10 described above with reference to FIG. 2, and may
include additional features not mentioned above. Fur-
thermore, the dummy package 100A of FIGS. 5 and 6
may include or may be similarin many respects todummy
package 100 described above with reference to FIGS. 2
and 3, and may include additional features not mentioned
above. Thus, redundant descriptions thereof may be
omitted.

[0053] Referring to FIGS. 5 and 6, compared to the
semiconductor package 10 of FIG. 2, a semiconductor
package 10A may notinclude a package case (e.g., pack-
age case 400 of FIG. 2). The semiconductor package
10A may include the printed circuit board 20, the memory
package 200, the dummy package 100A, and the driving
chip package 300. For example, the dummy package
100A may be mounted on the first surface F1 of the print-
ed circuit board 20 through the plurality of first bumps
110. Alternatively or additionally, the memory package
200 may be mounted on the second surface F2 of the
printed circuit board 20 through the plurality of second
bumps 210. The dummy package 100A and the memory
package 200 may have a substantially similar size and/or
have the same size. Alternatively or additionally, the
dummy package 100A and the memory package 200
may be aligned with each other in a direction perpendic-
ular to a main surface (e.g., the first surface F1 and/or
the second surface F2) of the printed circuit board 20.
[0054] In an embodiment, the dummy package 100A,
the memory package 200, and the driving chip package
300 may be exposed to air (e.g., the outside). Conse-
quently, heat generated in the memory package 200 and
the driving chip package 300 may be dissipated to the
outside of the semiconductor package 10A according to
the flow of air to and/or across the dummy package 100A,
the memory package 200, and the driving chip package
300.

[0055] The dummy package 100A may include a plu-
rality of pads 150 and a metal layer 130A. The plurality
of pads 150 may include the first pad 151 and the second
pad 152. The first pad 151 may be electrically connected
with the metal layer 130A. The second pad 152 may be
surrounded by the molding layer 140 and may be elec-
trically separated from the metal layer 130A.

[0056] The first pad 151 may constitute a heat path
and/or may be electrically connected with the wiring pat-
tern 21 of the printed circuit board 20. Alternatively or
additionally, the second pad 152 may be electrically sep-
arated from the wiring pattern 21 of the printed circuit
board 20.

[0057] In an embodiment, the metal layer 130A may
have a heat sink structure. The heat sink structure may
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refer to a structure that may be specialized in heat con-
duction and radiation in orderto facilitate heat dissipation.
For example, the heat sink structure may have a repeat-
ing ridge-groove shape on a surface (e.g., a surface op-
posite to a surface facing the printed circuit board 20),
through which heat may be dissipated, in order to in-
crease the surface area of the heat sink structure. Ac-
cordingly, heatdissipation may be improved due to ridges
spaced along the surface (e.g. the external surface) of
the metal layer 130A.

[0058] The metal layer 130A may include a high-ther-
mal-conductivity material to constitute a heat path for
heat dissipation. For example, the metal layer 130A may
include, but not be limited to, copper (Cu) or aluminum
(A).

[0059] In an embodiment, heat generated in the mem-
ory chip 230 of the memory package 200 may be dissi-
pated to the outside of the semiconductor package 10A
through a heat path that may be constituted by the mold-
ing layer 220 of the memory package 200, the adhesive
layer 30, and the package case 400. Alternatively or ad-
ditionally, heat generated in the memory chip 230 may
be dissipated to the outside of the semiconductor pack-
age 10A through a heat path that may be constituted by
the second bump 210, the wiring pattern 21 of the printed
circuit board 20, the first bump 110, the first pad 151 of
the dummy package 100A, and the metal layer 130A of
the dummy package 100A.

[0060] In an optional or additional embodiment, heat
generated in the driving chip 330 of the driving chip pack-
age 300 may be dissipated to the outside of the semi-
conductor package 10A through a heat path that may be
constituted by the molding layer 320 of the driving chip
package 300, the adhesive layer 30, and the package
case 400. Alternatively or additionally, heat generated in
the driving chip 330 may be dissipated to the outside of
the semiconductor package 10A through a heat path that
may be constituted by the third bump 310, the wiring pat-
tern 21 of the printed circuit board 20, the first bump 110,
the first pad 151 of the dummy package 100A, and the
metal layer 130A of the dummy package 100A.

[0061] Thatis, the dummy package 100A may provide
a heat path through which heat generated in the memory
package 200 and the driving chip package 300 may be
dissipated. Since the semiconductor package 10A, ac-
cording to the present disclosure, may include the dum-
my package 100A that may provide an additional heat
path, heat generated in the memory package 200 and
the driving chip package 300 may be smoothly dissipated
to the outside of the semiconductor package 10A.
[0062] FIG. 7A is a perspective view showing a sche-
matic structure of a semiconductor package C, according
to an embodiment. FIGS. 7B and 7C are diagrams illus-
trating effects of semiconductor packages 10 and 10A,
according to an embodiment. FIG. 7B is a diagram de-
picting the thermal resistance of a semiconductor pack-
age according to an embodiment. FIG. 7C is a diagram
depicting an experimental result of comparing the tem-
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perature of a memory chip of the comparative example
with the temperature of a memory chip of an embodiment.
The semiconductor package C of FIG. 7A may include
or may be similar in many respects to at least one of the
semiconductor package 10 and the semiconductor pack-
age 10A described above with reference to FIGS. 1A,
1B, 2, and 5, and may include additional features not
mentioned above. Thus, redundant descriptions thereof
may be omitted.

[0063] ReferringtoFIG. 7A, compared to the semicon-
ductor packages 10 and 10A of FIGS. 1A, 1B, 2, and 5,
the semiconductor package C may not include a dummy
package mounted in aregion in which amemory package
is not mounted. That is, in the semiconductor package
C, a specific package may not be mounted in a region in
which a memory package is not mounted. As a result, a
heat path may not be formed through a dummy package
(e.g., dummy package 100 of FIG. 3 and dummy package
100A of FIG. 5) in the semiconductor package C.
[0064] Referring to FIG. 7B, the thermal resistance of
the semiconductor package 10, including a package case
(e.g., package case 400 of FIG. 3), may be calculated
as the sum of a first thermal resistance RTH1 between
atemperature Tpcg of a printed circuitboard (e.g., printed
circuit board 20 of FIG. 3) and a temperature T ¢ Of @
package case (e.g., package case 400 of FIG. 3) and a
second thermal resistance RTH2 between the tempera-
ture T ,6¢ Of the package case 400 and an external tem-
perature Tp,, (€.9., RTH1 + RTH2). In an embodiment,
generation of a heat path by the dummy package 100
may reduce the magnitude of the first thermal resistance
RTH1, and thereby, the overall thermal resistance of the
semiconductor package 10 may be reduced.

[0065] Alternatively or additionally, the thermal resist-
ance of the semiconductor package 10A not including a
package case may be calculated as a thermal resistance
RTH between the temperature Tpcg of a printed circuit
board (e.g., printed circuit board 20 of FIG. 5) and the
external temperature Ty, In an embodiment, genera-
tion of a heat path by the dummy package 100A may
reduce the magnitude of the thermal resistance RTH,
and thereby, the overall thermal resistance of the semi-
conductor package 10A may be reduced. Consequently,
the overall thermal resistance of the semiconductor pack-
ages 10 and 10A may be lower than the overall thermal
resistance of the semiconductor package C, due to the
dummy packages 100 and 100A included in the semi-
conductor packages 10 and 10A but omitted in the sem-
iconductor package C.

[0066] Consequently, as shown in FIG. 7C, the tem-
perature of a memory chip 230 in the memory package
200 of the semiconductor package C, which may include
apackage case (Comparative Example 1), may be higher
than the temperature of a corresponding memory chip
230 of the semiconductor package 10, due to the reduced
thermal resistance and increased heat dissipation effi-
ciency of the semiconductor package 10 when compared
to the semiconductor package C. Alternatively or addi-
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tionally, the temperature of the memory chip 230 in the
semiconductor package C, which may notinclude a pack-
age case (Comparative Example 2), may be higher than
the temperature of a corresponding memory chip 230 of
the semiconductor package 10A, due to the reduced ther-
mal resistance and increased heat dissipation efficiency
of the semiconductor package 10A when compared to
the semiconductor package C. Therefore, according to
the present disclosure, performance deterioration of the
memory chip 230 in the semiconductor packages 10 and
10A due to excessive heat may be reduced and/or pre-
vented.

[0067] In an optional or additional embodiment, an ad-
hesive layer 30 of the semiconductor package C, which
may be attached to a package case, may be formed in
a region in which the memory package 200 is not ar-
ranged in order to increase heat dissipation efficiency.
However, in such an embodiment, the thickness of the
adhesive layer 30 of the semiconductor package C
formed on the memory package 200 of the semiconduc-
tor package C may be different from the thickness of the
adhesive layer 30 of the semiconductor package C
formed in the region in which the memory package 200
is not arranged. Consequently, a process for forming the
adhesive layer with a uniform thickness may be compli-
cated, and thus, the heat dissipation effect of the adhe-
sive layer 30 of the semiconductor package C may be
reduced. Alternatively or additionally, since the semicon-
ductor packages 10 and 10A may respectively include
the dummy packages 100 and 100A, an adhesive layer
30 having a uniform thickness may be formed, and thus,
a process for forming the adhesive layer may be simpli-
fied and heat dissipation performance may be improved
when compared to the semiconductor package C.
[0068] FIG. 8 is a block diagram of a storage system
1000, according to an embodiment.

[0069] The storage system 1000 may be implemented
as, forexample, a personal computer (PC), a data server,
a network-attached storage (NAS), an Internet of Things
(loT) device, and/or a portable electronic device. The
portable electronic device may be and/or may include a
laptop computer, a mobile phone, atablet PC, a personal
digital assistant (PDA), an enterprise digital assistant
(EDA), a digital still camera, a digital video camera, an
audio device, a portable multimedia player (PMP), a per-
sonal navigation device (PND), a Motion Pictures Expert
Group Audio Layer lll (MP3) player, a handheld game
console, ane-book, awearable device, and the like. How-
ever, the present disclosure is not limited in this regard,
and the storage system 1000 may be implemented as
various other devices not listed above.

[0070] Referring to FIG. 8, the storage system 1000
may include a storage device 1200 and a host 1100. The
host 1100 may control the operation of the storage device
1200. In an embodiment, the storage device 1200 may
include one or more SSDs. When the storage device
1200 includes an SSD, the storage device 1200 may in-
clude a plurality of flash memory devices (e.g., NAND
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memory devices) that may store data. The storage device
1200 may be implemented in at least one of the semi-
conductor package 10 and the semiconductor package
10A described with reference to FIGS. 1A, 1B, 2, and 5.
[0071] The storage device 1200 may correspond to a
flash memory device including one or more flash memory
devices. Inan embodiment, the storage device 1200 may
be and/or may include memory embedded in the storage
system 1000. For example, the storage device 1200 may
be and/or may include, but notbe limited to, an embedded
multimedia card (EMMC), an embedded universal flash
storage (UFS) memory device, and the like. In an em-
bodiment, the storage device 1200 may be and/or may
include external memory attachable/detachable to/from
the storage system 1000. For example, the storage de-
vice 1200 may be and/or may include, but not be limited
to, a UFS memory card, a compact flash (CF) card, a
secure digital (SD) card, amicro-SD card, amini-SD card,
an extreme digital (xD) card, a memory stick, and the like.
[0072] The host1100 and the storage device 1200 may
communicate with each other through various interfaces.
For example, the storage device 1200 may exchange a
signal SIG with the host 1100 through a signal connector
1201. Alternatively or additionally, the storage device
1200 may receive an input power PWR through a power
connector 1202.

[0073] In an embodiment, the host 1100 may transmit
requests such as, but not limited to, a read request and
a program request to the storage device 1200. Alterna-
tively or additionally, the host 1100 and the storage de-
vice 1200 may exchange signals, messages, and the like
that conform with one or more memory storage stand-
ards, such as, but not limited to, Toggle and/or open
NAND flash interface (ONFI). For example, the signals
SIG transmitted and/or received through the signal con-
nector 1201 may conform with various interfaces, such
as, but not limited to, a universal serial bus (USB) inter-
face, a multimedia card (MMC) interface, an embedded
MMC (eMMC) interface, a peripheral component inter-
connection (PCI) interface, a PCIl express (PCle) inter-
face, an advanced technology attachment (ATA) inter-
face, a serial ATA (SATA) interface, a parallel ATA (PA-
TA) interface, a small computer system interface (SCSI),
an enhanced small disk interface (ESDI), an integrated
drive electronics (IDE) interface, a FireWire interface, a
universal flash storage (UFS) interface, a non-volatile
memory (NVM) express (NVMe) interface, and the like.
In an optional or additional embodiment, the host 1100
may be implemented as an application processor (AP)
or a system-on-a-chip (SoC).

[0074] The storage device 1200 may include a storage
controller 1210 (e.g., an SSD controller), a plurality of
memory devices (e.g., first NVM 1221, second NVM
1222, ...,and n-thNVM 122n, where n is a positive integer
greater than zero (0), and hereinafter generally referred
to as 1220), buffer memory 1240, and an auxiliary power
supply 1230. The storage controller 1210 may control
the operation of the plurality of memory devices 1220
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through a channel.

[0075] Each memory device of the plurality of memory
devices 1220 may be and/or may include a semiconduc-
tor chip and/or a semiconductor die. Each memory device
of the plurality of memory devices 1220 may be connect-
ed to a corresponding channel. In an embodiment, each
memory device of the plurality of memory devices 1220
may be and/or may include a memory chip (e.g., memory
chip 230 of FIGS. 2 and 5) included in the memory pack-
age 200 described with reference to FIGS. 1A and 1B.
[0076] Each memory device of the plurality of memory
devices 1220 may be and/or may include a memory cell
array. In an embodiment, the memory cell array may in-
clude flash memory cells. For example, the flash memory
cells may be NAND flash memory cells. However, the
present disclosure is not limited thereto, and the flash
memory cells may be and/or may include other types of
memory cells such as, but notlimited to, resistive memory
cells (e.g., ReRAM, PRAM, and MRAM).

[0077] The storage controller 1210 may read data
stored in the plurality of memory devices 1220 in re-
sponse to a read request received from the host 1100.
Alternatively or additionally, the storage controller 1210
may write data to the plurality of memory devices 1220
in response to a write request received from the host
1100.

[0078] The auxiliary power supply 1230 may be con-
nected with the host 1100 through the power connector
1202. The auxiliary power supply 1230 may receive an
input power PWR from the host 1100. In an embodiment,
the storage device 1200 may be powered and/or charged
with the input power PWR received through the auxiliary
power supply 1230. The auxiliary power supply 1230 may
generate an internal power voltage based on the input
power PWR. For example, the auxiliary power supply
1230 may provide an internal power voltage to the stor-
age controller 1210 and/or the plurality of memory devic-
es 1220. In an optional or additional embodiment, the
auxiliary power supply 1230 may include a PMIC and/or
a voltage regulator.

[0079] The buffer memory 1240 may temporarily store
data to be written to the plurality of memory devices 1220.
Alternatively or additionally, the buffer memory 1240 may
store data read from the plurality of memory devices
1220. In an embodiment, the buffer memory 1240 may
be provided in the storage controller 1210. Alternatively
or additionally, the buffer memory 1240 may be arranged
outside the storage controller 1210.

[0080] Inanembodiment, the buffermemory 1240 may
be and/or may include a DRAM. However, the present
disclosure is not limited thereto, and the buffer memory
1240 may beimplemented as SRAM, PRAM, and/or flash
memory.

[0081] Each of the storage controller 1210, the auxil-
iary power supply 1230, and the buffer memory 1240
may be a driving chip (e.g., driving chip 330 of FIGS. 2
and 5) included in the driving chip package 300 described
with reference to FIGS. 1A and 1B.
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[0082] The storagedevice 1200 included inthe storage
system 1000 may include a dummy package arranged
in a region where the plurality of memory devices 1220
are arranged. In an embodiment, the dummy package
may have a substantially similar and/or the same size as
that of a memory package in which each memory device
of the plurality of memory devices 1220 is implemented.
In an optional or additional embodiment, heat generated
in the plurality of memory devices 1220, the storage con-
troller 1210, the auxiliary power supply 1230, and the
buffer memory 1240 may be dissipated to the outside of
the storage device 1200 through the dummy package,
and thereby, deterioration of the storage device 1200
may be prevented.

[0083] FIG. 9 is an example of a memory device im-
plemented in a memory package included in a semicon-
ductor package, according to an embodiment. FIG. 9 is
a cross-sectional view of a memory device 500 having a
bonding vertical NAND (B-VNAND) structure. For exam-
ple, when non-volatile memory included in a memory de-
vice implemented in a memory package is implemented
as B-VNAND type flash memory, the non-volatile mem-
ory may have a structure as shown in FIG. 9.

[0084] Referring to FIG. 9, a cell region CELL of the
memory device 500 may correspond to a first semicon-
ductor layer L1, and a peripheral circuit region PERI may
correspond to a second semiconductor layer L2. In an
embodiment, a memory cell array including a plurality of
memory cells may be formed in the cell region CELL, and
a peripheral circuit including a page buffer circuit, a row
decoder, a control logic circuit, and a voltage generator
may be formed in the peripheral circuit region PERI.
[0085] Each of the peripheral circuit region PERI and
the cell region CELL of the memory device 500 may in-
clude an external pad bonding region PA, a word line
bonding region WLBA, and a bit line bonding region
BLBA.

[0086] The peripheral circuit region PERI may include
a first substrate 610, an interlayer insulating layer 615, a
plurality of circuit devices (e.g., 620a, 620b, and 620c)
formed on the first substrate 610, first metal layers (e.g.,
630a, 630b, and 630c) respectively connected to the plu-
rality of circuit devices 620a to 620c, and second metal
layers (e.g., 640a, 640b, and 640c) formed on the first
metal layers 630a to 630c. In an embodiment, the first
metal layers 630a to 630c may be formed of tungsten
(W) and/or a similar material having a relatively high re-
sistance. Alternatively or additionally, the second metal
layers 640a to 640c may be formed of copper (Cu) and/or
a similar material having a relatively low resistance.
[0087] Although FIG. 9 depicts the first metal layers
630a to 630c and the second metal layers 640a to 640c,
the present disclosure is not limited thereto, and at least
one metal layer may be additionally formed on the first
metal layers 630a to 630c and/or the second metal layers
640a to 640c. Alternatively or additionally, at least some
of one or more metal layers formed above the second
metal layers 640a to 640c may be formed of aluminum
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(Al) and/or a similar material having a lower resistance
than the material (e.g., Cu) forming the second metal
layers 640a to 640c.

[0088] The interlayer insulating layer 615 may be dis-
posed on the first substrate 610 to cover atleast a portion
of the plurality of circuit devices 620a to 620c, the first
metal layers 630a to 630c, and the second metal layers
640a to 640c. Alternatively or additionally, the interlayer
insulating layer 615 may include an insulating material
such as, but not limited to, silicon oxide (SiO) and/or sil-
icon nitride (SiN).

[0089] In an embodiment, lower bonding metals 671b
and 672b may be formed on the second metal layer 640b
of the word line bonding region WLBA. In the word line
bonding region WLBA, the lower bonding metals 671b
and 672b of the peripheral circuit region PERI may be
electrically connected with upper bonding metals 571b
and 572b of the cell region CELL by a bonding method.
Alternatively or additionally, the lower bonding metals
671b and 672b and the upper bonding metals 571b and
572b may be formed of aluminum (Al), copper (Cu), tung-
sten (W), or the like.

[0090] The cell region CELL may provide at least one
memory block. The cell region CELL may include a sec-
ond substrate 510 and a common source line 520. A plu-
rality of word lines (e.g., word lines 531 to 538, and here-
inafter generally referred to as 530) may be stacked on
the second substrate 510 in a vertical direction VD with
respect to an upper surface of the second substrate 510.
String selection lines and a ground selection line may be
disposed respectively above and under the plurality of
word lines 530. Alternatively or additionally, the plurality
of word lines 530 may be arranged between the string
selection lines and the ground selection line.

[0091] In the bit line bonding region BLBA, a channel
structure CH may extend in the vertical direction VD. Al-
ternatively or additionally, the channel structure CH may
pass through the plurality of word lines 530, the string
selection lines, and the ground selection line. The chan-
nel structure CH may include a data storage layer, a
channel layer, and a buried insulating layer. Alternatively
or additionally, the channel layer may be electrically con-
nected with a first metal layer and a second metal layer.
For example, the first metal layer may be a bit line contact
550c, and the second metal layer may be a bit line 560c.
In an embodiment, the bit line 560c may extend in a sec-
ond horizontal direction HD2 parallel to the upper surface
of the second substrate 510.

[0092] Inanembodiment,aregioninwhichthe channel
structure CH, the bit line 560c, and the like are arranged
may be referred to as the bit line bonding region BLBA.
The bit line 560c may be electrically connected with the
circuit devices 620c that provide a page buffer 593 of the
peripheral circuit region PERI, in the bit line bonding re-
gion BLBA. For example, the bit line 560c may be con-
nected with an upper bonding metal 572c of the cell re-
gion CELL. Alternatively or additionally, the upper bond-
ing metal 572c may be connected with lower bonding
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metals 671c and 672c connected to the circuit devices
620c of the page buffer 593. Accordingly, the page buffer
593 may be connected to the bit line 560c through the
upper bonding metal 572c and the lower bonding metals
671c and 672c.

[0093] The memory device 500 may further include a
through electrode THV arranged in the bit line bonding
region BLBA. The through electrode THV may pass
through the plurality of word lines 530, and thus, may
extend in the vertical direction VD.

[0094] In the word line bonding region WLBA, the plu-
rality of word lines 530 may extend in a first horizontal
direction HD1 parallel to the upper surface of the second
substrate 510 and may be connected with a plurality of
cell contact plugs (e.g., cell contact plugs 541 to 547, and
hereinafter generally referred to as 540). The plurality of
word lines 530 and the plurality of cell contact plugs 540
may be connected with each other at pads provided by
extending at least some of the plurality of word lines 530
in differentlengths in the vertical direction VD. A first met-
al layer 550b and a second metal layer 560b may be
sequentially connected to upper portions of the plurality
of cell contact plugs 540 connected to the plurality of
word lines 530. The plurality of cell contact plugs 540
may be connected with the peripheral circuit region PERI
through the upper bonding metals 571b and 572b of the
cell region CELL and the lower bonding metals 671b and
672b of the peripheral circuit region PERI, in the word
line bonding region WLBA.

[0095] The plurality of cell contact plugs 540 may be
electrically connected with the circuit devices 620b that
provide a row decoder 594 in the peripheral circuit region
PERI. In an embodiment, an operating voltage of the cir-
cuit devices 620b that provide the row decoder 594 may
be different from an operating voltage of the circuit de-
vices 620c that provide the page buffer 593. Forexample,
an operating voltage of the circuit devices 620c that pro-
vide the page buffer 593 may be greater than an operat-
ing voltage of the circuit devices 620b that provide the
row decoder 594.

[0096] A common source line contact plug 580 may be
arranged in the external pad bonding region PA. The
common source line contact plug 580 may be formed of
a conductive material such as, but not limited to, a metal,
a metal compound, a polysilicon, and the like. Alterna-
tively or additionally, the common source line contact
plug 580 may be electrically connected with the common
source line 520. A first metal layer 550a and a second
metal layer 560a may be sequentially stacked above the
common source line contact plug 580. For example, a
region in which the common source line contact plug 580,
the first metal layer 550a, and the second metal layer
560a are arranged may be referred to as the external
pad bonding region PA.

[0097] In an embodiment, a first input/output pad 605
and a second input/output pad 505 may be arranged in
the external pad bonding region PA. A lower insulating
film 601 covering at least a portion of a lower surface of
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the first substrate 610 may be formed under the first sub-
strate 610, and the first input/output pad 605 may be
formed on the lower insulating film 601. The first in-
put/output pad 605 may be connected with at least one
of the plurality of circuit devices 620a to 620c arranged
in the peripheral circuit region PERI through a first in-
put/output contact plug 603. Alternatively or additionally,
the first input/output pad 605 may be separated from the
first substrate 610 by the lower insulating film 601. In an
optional or additional embodiment, a side insulating film
may be arranged between the first input/output contact
plug 603 and the first substrate 610 to electrically sepa-
rate the first input/output contact plug 603 from the first
substrate 610.

[0098] An upper insulating film 501 covering at least a
portion of the upper surface of the second substrate 510
may be formed above the second substrate 510. Alter-
natively or additionally, the second input/output pad 505
may be disposed on the upper insulating film 501. The
second input/output pad 505 may be connected with at
least one of the plurality of circuit devices 620a to 620c
arranged in the peripheral circuit region PERI through a
second input/output contact plug 503.

[0099] According to an embodiment, the second sub-
strate 510, the common source line 520, and the like may
notbe arranged in a region in which the second input/out-
put contact plug 503 is arranged. Alternatively or addi-
tionally, the second input/output pad 505 may not overlap
the plurality of word lines 530 in a third direction (e.g., a
vertical direction VD). The second input/output contact
plug 503 may be separated from the second substrate
510 in a direction parallel to the upper surface of the
second substrate 510, and may pass through an inter-
layer insulating layer of the cell region CELL and thus be
connected to the second input/output pad 505.

[0100] According to embodiments, the first input/out-
put pad 605 and the second input/output pad 505 may
be selectively formed. For example, the memory device
500 may include only the first input/output pad 605 dis-
posed above the first substrate 610 and/or may include
only the second input/output pad 505 disposed above
the second substrate 510. Alternatively or additionally,
the memory device 500 may include both the first in-
put/output pad 605 and the second input/output pad 505.
[0101] A metal pattern of the uppermost metal layer
may exist as a dummy pattern in each of the external pad
bonding region PA and the bit line bonding region BLBA
included in each of the cell region CELL and the periph-
eral circuit region PERI, or the uppermost metal layer
may be empty.

[0102] In the memory device 500, in the external pad
bonding region PA, a lower metal pattern 673a having a
substantially similar and/or the same shape as that of an
upper metal pattern 572a may be formed on the upper-
most metal layer of the peripheral circuit region PERI to
correspond to the upper metal pattern 572a formed on
the uppermost metal layer of the cell region CELL. The
lower metal pattern 673a formed on the uppermost metal
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layer of the peripheral circuit region PERI may not be
connected with a separate contactin the peripheral circuit
region PERI. Similarly, in the external pad bonding region
PA, an upper metal pattern having a substantially similar
and/or the same shape as that of a lower metal pattern
of the peripheral circuit region PERI may be formed on
an upper metal layer of the cell region CELL to corre-
spond to the lower metal pattern formed on the upper-
most metal layer of the peripheral circuit region PERI.
[0103] The lower bonding metals 671b and 672b may
be formed on the second metal layer 640b of the word
line bonding region WLBA. In the word line bonding re-
gion WLBA, the lower bonding metals 671b and 672b of
the peripheral circuit region PERI may be electrically con-
nected with the upper bonding metals 571b and 572b of
the cell region CELL by a bonding method.

[0104] Alternatively or additionally, in the bit line bond-
ing region BLBA, an upper metal pattern 592 having a
substantially similar and/or the same shape as that of a
lower metal pattern 652 may be formed on the uppermost
metal layer of the cell region CELL to correspond to the
lower metal pattern 652 formed on the uppermost metal
layer of the peripheral circuit region PERI. A contact may
not be formed on the upper metal pattern 592 formed on
the uppermost metal layer of the cell region CELL.
[0105] While the present disclosure has been particu-
larly shown and described with reference to embodi-
ments thereof, it will be understood that various changes
in form and details may be made therein without depart-
ing from the scope of the following claims.

Claims
1. A semiconductor package, comprising:
a solid-state drive, SSD, device comprising:

a printed circuit board comprising a memory
region;

a plurality of memory packages disposed
on the memory region; and

at least one dummy package disposed on
the memory region,

wherein the atleastone dummy package s elec-
trically coupled with the printed circuitboard, and
wherein the at least one dummy package com-
prises afirst pad constituting a heat path through
which heat of the printed circuit board is dissi-
pated.

2. The semiconductor package of claim 1, wherein the
at least one dummy package further comprises:

a metal layer coupled with the first pad and con-
stituting the heat path; and
a polished layer on the metal layer.
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3. The semiconductor package of claim 2, wherein the
SSD further comprises:

a first adhesive layer in contact with the plurality
of memory packages;

a second adhesive layer in contact with the pol-
ished layer of the at least one dummy package;
and

a package case attached to the first adhesive
layer and the second adhesive layer.

4. The semiconductor package of claim 3, wherein:

at least one memory package of the plurality of
memory packages is mounted on a first surface
of the printed circuit board,

the at least one dummy package is mounted on
the first surface of the printed circuit board, and
afirstthickness of the firstadhesive layer match-
es a second thickness of the second adhesive
layer.

The semiconductor package of claim 1, wherein the
at least one dummy package further comprises:

a metal layer coupled with the first pad,
wherein the metal layer comprises a heat sink
structure, and

wherein the metal layer constitutes the heat
path.

The semiconductor package of any preceding claim,
wherein:

the at least one dummy package is mounted on
the printed circuit board through a plurality of
bumps,

the at least one dummy package further com-
prises a plurality of pads in contact with the plu-
rality of bumps, respectively, and

the plurality of pads comprise the first pad and
a second pad.

The semiconductor package of any preceding claim,
wherein the printed circuit board further comprises:

a wiring pattern electrically coupled with the first
pad and constituting the heat path; and

an insulating layer surrounding the wiring pat-
tern,

wherein the wiring pattern is configured to re-
ceive an applied ground voltage.

8. The semiconductor package of any of claims 1-6,
wherein the printed circuit board further comprises:

a wiring pattern electrically coupled with the first
pad and constituting the heat path; and
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an insulating layer surrounding the wiring pat-
tern,

wherein the wiring pattern is electrically sepa-
rated from input/output signals of the plurality of
memory packages.

9. The semiconductor package of any preceding claim,

wherein the SSD further comprises:

a driving chip package electrically coupled with the
first pad and disposed on a region other than the
memory region of the printed circuit board.

10. A semiconductor package, comprising:

a printed circuit board comprising a first surface
and a second surface opposite to the first sur-
face;

a dummy package mounted on the first surface;
and

a memory package aligned with the dummy
package in a direction perpendicular to the first
surface and the second surface and mounted
on the second surface,

wherein the dummy package comprises:

afirst pad electrically coupled with the print-
ed circuit board; and

a metal layer electrically coupled with the
first pad.

11. The semiconductor package of claim 10, wherein
the dummy package further comprises a polished
layer disposed on the metal layer.

12. The semiconductor package of claim 10 or claim 11,
wherein:

the dummy package is mounted on the printed
circuit board through a plurality of bumps,

the dummy package further comprises a plural-
ity of pads in contact with the plurality of bumps,
respectively, and

the plurality of pads comprise the first pad and
a second pad.

13. A semiconductor package, comprising:

a printed circuit board comprising a first surface
and a second surface opposite to the first sur-
face;

a dummy package mounted on the first surface;
a memory package aligned with the dummy
package in a direction perpendicular to the first
surface and the second surface and mounted
on the second surface; and

a driving package mounted on at least one of
the first surface and the second surface,
wherein a driving circuit configured to drive a
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memory chip of the memory package is formed
on the at least one of the first surface and the
second surface,
wherein the dummy package is electrically cou-
pled with the printed circuit board through a 5
bump,
wherein the dummy package comprises a pad
constituting a heat path through which heat of
the printed circuit board is dissipated,
wherein the memory package comprises a 10
NAND flash memory device, and
wherein the driving circuit of the driving package
comprises a storage controller configured to
control the NAND flash memory device.
15
14. The semiconductor package of claim 13, wherein
the dummy package further comprises:

a metal layer electrically coupled with the pad
and constituting the heat path; and 20
a polished layer disposed on the metal layer.

15. The semiconductor package of claim 13, wherein
the dummy package further comprises a metal layer
electrically coupled with the pad, wherein the metal 25
layer comprises a heat sink structure, and wherein
the metal layer constitutes the heat path.
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